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ABSTRACT

Introduction: This study focuses on the quantification of and current guidelines on the hazards related
to needle positioning in prostate cancer treatment: (1) access restrictions to the prostate gland by the
pubic arch, so-called Pubic Arch Interference (PAIl) and (2) needle positioning errors. Next, we propose
solution strategies to mitigate these hazards.

Methods: The literature search was executed in the Embase, Medline ALL, Web of Science Core
Collection*, and Cochrane Central Register of Controlled Trials databases.

Results: The literature search resulted in 50 included articles. PAl was reported in patients with various
prostate volumes. The level of reported PAI varied between 0 and 22.3 mm, depending on the patient’s
position and the measuring method. Low-Dose-Rate Brachytherapy induced the largest reported
misplacement errors, especially in the cranio-caudal direction (up to 10 mm) and the largest displace-
ment errors were reported for High-Dose-Rate Brachytherapy in the cranio-caudal direction (up to 47
mm), generally increasing over time.

Conclusions: Current clinical guidelines related to prostate volume, needle positioning accuracy, and
maximum allowable PAI are ambiguous, and compliance in the clinical setting differs between institu-
tions. Solutions, such as steerable needles, assist in mitigating the hazards and potentially allow the
physician to proceed with the procedure.

This systematic review was performed in accordance with the PRISMA guidelines. The review was
registered at Protocols.io (DOI: dx.doi.org/10.17504/protocols.io.6qpvr89eplmk/v1).
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1. Introduction
Brachytherapy (LDR BT), High-Dose-Rate Brachytherapy (HDR BT),

1.1. Background and Pulsed-Dose-Rate Brachytherapy (PDR BT), in which radio-

Prostate cancer is the second most-diagnosed cancer in men
and was the fifth leading cause of cancer-related deaths
worldwide in 2020 [1]. In the United States, prostate cancer
was estimated to be the most-diagnosed cancer in men and
the second leading cause of cancer-related deaths in 2023 [2].
When detected in an early and localized stage, treatments
such as radical prostatectomy [3], external beam radiation
therapy [4], or brachytherapy [5] can be performed. These
are whole-gland treatment modalities and provide high rates
of oncological control. This is at risk of negative side effects for
the patient, such as irritative micturition, urinary incontinence,
erectile dysfunction, and rectal toxicity, thereby lowering the
Quality of Life (Qol) [6,7].

Over the past decade, a trend toward focal (boost) therapies
has been observed that can potentially minimize negative side
effects [6-8]. For example, brachytherapy is often used as a whole-
gland monotherapy, but it can be used as a focal (boost) therapy
as well. Brachytherapy modalities include Low-Dose-Rate

active sources or catheters loaded with radioactive sources are
placed in the prostate for irradiation. In LDR BT, the implanted
radioactive sources are left permanently within the prostate.
Whereas in HDR BT and PDR BT, the radioactive sources are
temporarily placed into the prostate via needles or catheters.
Focal boost therapies such as brachytherapy treat the tumor
with high dosages of for example radiation, whilst the remainder
of the prostate gland is treated with a lower dose. Focal therapy is
a shift from whole-gland treatment to targeting the tumor, while
sparing the surrounding healthy tissue, thereby preserving geni-
tourinary and gastrointestinal function [9]. Focal treatment mod-
alities include e.g. brachytherapy, Focal Laser Ablation (FLA),
irreversible electroporation, cryotherapy, high-intensity focused
ultrasound, and photodynamic therapy. These are percutaneous
procedures in which needles are guided through the perineal skin
to reach the target volume for treatment. However, potential
perturbations while passing intermediate structures may cause
hazardous situations. This study provides an overview of the
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Article highlights
¢ Needle positioning errors can cause a suboptimal prostate cancer
treatment.

Excessive pubic arch interference can result in patient exclusion.
Guidelines for needle positioning errors and pubic arch interference
are ambiguous.

The largest needle positioning errors are reported along the needle
direction.

Steerable needles might mitigate the hazards related to needle
positioning.

quantification of these hazards and the associated current guide-
lines, and solution strategies to mitigate these hazards.

1.2. Hazards in needle positioning

Two hazards, widely reported in literature, can hamper ade-
quate needle positioning. First, the pubic arch can restrict
access to the ventrolateral part of the prostate. This affects
the total needle geometry (i.e. the spatial composition of all
inserted needles) in the target volume [10] as depicted in
Figure 1(a), assuming currently available, rigid needles are
inserted parallel to each other in the horizontal direction.
This phenomenon is known as Pubic Arch Interference (PAI).
Accessibility of all regions inside the target volume is
a requirement in focal (boost) therapies and brachytherapy
as whole-gland monotherapy to obtain homogeneity of the

total needle geometry and to ensure an effective treatment
[14]. The level of PAI indicates to what extent a homogeneous
needle distribution can be achieved.

Secondly, needle positioning errors can arise from misplace-
ment (i.e. the needle is positioned in a location different from
the planned location due to unwanted needle deflections [15])
or needle displacement (i.e. the needle is shifted to a different
location after positioning). Erroneous individual needle posi-
tioning induces treatment of unintended areas (Figure 1(b)),
which might lead to undertreatment of tumor tissue or over-
treatment of healthy tissue (e.g. urethra, bladder, rectum, and
neurovascular bundle), leading to similar side effects as docu-
mented for whole-gland treatment modalities, such as irritative
micturition, urinary incontinence, erectile dysfunction, and rec-
tal toxicity, thereby lowering the QoL [6,7].

In this study, the term ‘hazard’ is used to refer to poten-
tial sources of harm related to transperineal needle posi-
tioning. These hazards are in particular (1) access
restrictions to the prostate gland, i.e. PAl and (2) needle
positioning errors. Insight into the quantification of these
hazards and solution strategies to mitigate them can pro-
vide information about the impact of different hazards and
may give clues about how to minimize these hazards. To
our knowledge, a systematic overview of the scientific lit-
erature on the quantification of the hazards related to
transperineal needle positioning in prostate cancer treat-
ments and their corresponding guidelines is not yet avail-
able. Here, we intend to fill this gap by providing
a systematic overview of the quantification of these
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Figure 1. Hazards in needle positioning. (a) Schematic of total needle geometry i

n patients with Pubic Arch Interference (PAI). The planned total needle geometry,

indicated in the axial plane, is based on the needle geometry of Mate et al. [11-13]. The pubic arch obstructs parts of the prostate resulting in a non-conformal total
needle geometry, indicated by the light gray area in the sagittal plane, making accessible targets (X) inaccessible (O) using the transperineal approach with parallel
horizontal needle trajectories (i.e. perpendicular to the transperineal template) using straight needle insertion. (b) Schematic of individual needle positioning errors
in the prostate. The directions of the positioning error of the needle (red line) are shown in the axial and sagittal planes. The needle deviated from the neutral axis

and did not reach the target (X).



hazards. Furthermore, we propose solution strategies to
mitigate these hazards.

2. Methods
2.1. Scientific literature search

This systematic review was performed in accordance with the
PRISMA guidelines. The review was registered at Protocols.io
(DOI: dx.doi.org/10.17504/protocols.io.6qpvr89eplmk/v1). The
literature search was executed using the Embase, Medline
ALL, Web of Science Core Collection*, and Cochrane Central
Register of Controlled Trials databases and included journal
articles and conference abstracts in the English language. We
used tailored search terms for each database using thesaurus
terms (MeSH). The search keywords of the queries were orga-
nized into three categories: (a) therapy (e.g. brachytherapy,
ablation therapy, laser ablation), (b) target (e.g. prostate, pros-
tate tumor), and (c) needles and challenges or hazards (e.g.
needle, catheter, probe, pubic). ST Appendix shows the entire
search queries for the used databases in this systematic
review. The publication year for the conference abstracts was
limited to 2019-2023.

2.2. Eligibility criteria

Throughout this review, the needle is defined as the device
used to puncture tissues and position the energy or radiation
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source in the target volume. Only interventions were included
with which prostate cancer can be treated locally via the
transperineal pathway without resecting the prostate, exclud-
ing articles on diagnostics, treatment of benign tumors, (par-
tial) resection of the prostate, and prostate volume
determination. Regarding the study conditions, only clinical
studies were accepted, whereas pre-clinical, phantom, animal,
and simulation studies were excluded. Furthermore, only stu-
dies focused on the quantitative assessment of needle posi-
tioning were accepted, excluding studies solely focused on
needle design, planning, patient selection, physician learning
curve, automated needle detection, functional or biological
outcomes, hospitalization time, and costs. Hazards unrelated
to needle positioning were excluded, such as prostate move-
ment due to bladder filling, brachytherapy seed migration,
and inter-observer variability.

2.3. Literature search results

The search yielded 3309 articles (last update December 2023).
Based on the eligibility criteria, two researchers (M.V. and J.B.)
independently checked the titles, abstracts, and full texts sub-
sequently in order to avoid bias. After full-text inspection, 50
articles were identified fulfilling all eligibility criteria (Figure 2).
To our knowledge, no validated tool exists for assessing the
risk of bias of studies on the quantification of PAl and needle
positioning errors. Therefore, we created a series of six

[ Identification of studies via databases and registers ]

Records identified from:
Embase (n = 2196)
Medline ALL (n = 1819)
Web of Science Core
Collection (n = 1725)
Cochrane Central Register
of Controlled Trials (n =
183)

Records removed before
screening.
Duplicate records removed (n

= 2560)

A 4

Records screened
(n = 3309)

Records excluded

(n = 3090)

A 4

Reports sought for retrieval
(n =219)

o] Reports not retrieved

A 4

Reports assessed for eligibility
(n=202)

(n=17)

Reports excluded:

A\ 4

Studies included in review
(n=50)

Figure 2. PRISMA flow diagram of the literature selection method.

A\ 4

No transperineal focal
treatment of prostate cancer
(n=4)

Non-clinical studies (n = 29)
No quantitative assessment of
hazard (n = 91)

Hazards unrelated to needle
positioning (n = 28)
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parameters that can be used to orient the readers in making
a judgment about the quality of the included studies (see S2
Appendix). The following data of the included articles were
extracted: a) author name and year of publication, b) treat-
ment type, ¢) number of patients, d) imaging modality, e)
patient position during imaging, f) prostate volume, g) PAI or
needle positioning errors measured, and h) time between
implantation and error measurement.

3. Results
3.1. Quantification of hazards

3.1.1. Pubic arch interference (PAl)

PAI has been assessed in 15 included studies, as shown in
Table 1. Eleven studies described the level of prostate obstruc-
tion by the pubic arch and fifteen studies reported the inci-
dence of PAI for various prostate volumes. Sejpal et al. [22]
researched the largest patient population, with 243 patients,
and reported that 47 patients (19.3%) showed PAI during
needle insertion.

PAI quantification is generally performed on Transrectal
Ultrasound (TRUS)-Computed Tomography (CT) fusion ima-
ging or Magnetic Resonance Imaging (MRI) scans, with the
patient in supine position, whereas needle implantation is
performed under Transrectal Ultrasound (TRUS) guidance
with the patient in dorsal lithotomy position. Solely CT is less
commonly used in clinical practice, due to its poor soft tissue
contrast. The patient’s position significantly influenced the
level of observed PAI, ranging from 0 mm, if total clearance
between the pubic arch and the prostate was observed, to
22.3 mm [22]. Tincher et al. [10] studied the level of PAI for
seven patients after CT scans in both lithotomy and supine
position. The authors reported that the patient’s posture
change from supine to lithotomy position decreased the
level of PAI by 5mm [10]. Next to posture change, the used
imaging modality also induced discrepancies. Martin et al. [18]
assessed PAl on TRUS, CT, and MRI scans. They found a linear
correlation between PAI on the CT and MRI scans with the
patient in supine position, whereas 75% of patients had larger
values for PAl on CT compared to MRI. They reported PAI on
CT and MRI of 2.9+ 0.6 mm and 2.0 £ 0.6 mm (average + stan-
dard error), respectively. PAl on the TRUS scans with the
patient in lithotomy position was 0.6 +£0.5 mm, which was
different from both CT and MRI (p < 0.06). Strang et al. [25]
reported that nine patients appeared to have PAl on (T,
whereas only four of these nine patients had PAIl on TRUS.
The change in patients’ posture from supine to lithotomy
position and imaging modality reduced obstruction by the
pubic arch by 11.8 mm on average. In contrast, Wallner et al.
[28] showed a decrease of only 0.4 mm.

3.1.2. Needle positioning error

Thirty-five included studies documented quantitative needle posi-
tioning errors. Tables 2 and 3 show the reported misplacement
and displacement errors, respectively. The majority of the studies
(80%, 28/35) documented the error for an HDR BT treatment, 11%
(4/35) for an LDR BT treatment, 6% (2/35) for a PDR BT treatment,

and 3% (1/35) for an FLA treatment. The included studies reported
needle misplacement and displacement assessed on anatomical
images of the patient, but used different procedures and meth-
odologies, such as (1) whether to change patient posture to allow
for a specific imaging method and (2) varying imaging modalities,
time intervals, and reference markers.

The patient’s position regularly changed between the pre-
operative, intraoperative, and postoperative procedure [35-39],
potentially influencing needle misplacement and displacement.
Both Carrara et al. [40] and Cepek et al. [31] reported a single
position (i.e. lithotomy position) for the entire duration of the
procedure to minimize movement of the prostate and the
tumor, and Cepek et al. [31] documented misplacement errors
after needle insertions with symmetrical bevel-tip needles dur-
ing FLA procedures of 1.1 mm, 1.8 mm, and 0 mm in the cranio-
caudal, ventral-dorsal, and medial-lateral directions, respec-
tively. They discussed that the error was caused mainly by
needle deflection due to the initial skin puncture and the
heterogeneity of tissue [31]. Carrara et al. [40] documented
mean needle displacement of 0.8 and 0.0 mm in the ventral-
dorsal and medial-lateral directions, respectively. In contrast, in
the study by Buus et al. [41], patients were placed in supine
position for the first MRI scan, in lithotomy position during
implantation phase, and again in supine position for
the second MRI scan to measure the error prior to treatment.
The authors reported mean cranio-caudal needle displacements
of 2.2 and 5.0 mm between the first and second HDR BT frac-
tion and after the second HDR BT fraction, respectively. Another
patient position transition was described by Mullokandov et al.
[42]. In their study, the patients were taken out of the lithotomy
position and placed in a frog-leg position (i.e. flexing the hips
and abducting the legs) after implantation. The authors
reported mean cranio-caudal needle displacements of 2 and
10 mm between the first and second HDR BT fraction and after
the second HDR BT fraction, respectively.

Quantification of the error was performed using different
imaging modalities, time intervals, and reference markers such
as metal markers, bone anatomy, or other implanted needles
[43,44]. Solely Smith et al. [45] measured the error along the
entire needle length, whereas in other studies the end posi-
tion of the distal tip was evaluated. Most studies used CT to
measure the error (54%, 19/35), whereas some studies used
X-ray (29%, 10/35), TRUS (20%, 7/35), MRI (11%, 4/35), or
a combination of multiple imaging modalities (14%, 5/35).
The time between the reference image and imaging after
implantation ranged from nine minutes to four weeks.

Displacement errors were only reported for HDR BT and
PDR BT. Most studies documented displacement in the cranio-
caudal direction (i.e. 93%, 27/29), of which the largest average
error of 20 mm was documented by Martinez et al. [46], who
used 1.9-mm diameter flexible plastic needles with metal sty-
lets during HDR BT. The authors stated that despite the nee-
dles being attached to the template, which was sutured to the
perineal skin, the needles displaced up to 31 mm in the caudal
direction [46]. They stated that the elasticity of perineal tissues
was most likely the cause of needle displacement [46].

Pieters et al. [47] developed unique PDR BT catheters with an
umbrella anchoring mechanism at the tip to fixate the catheter
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Focal therapy
(FLA)

Hormonal treatment

TRUS probe

manipulation Free-hand technique

—> Positioning strategy Needle manipulation Additional needles

Extended lithotomy Template manipulation

| — Needle design Steerable needle design

BT needle placement

Patient-specific

> Needle guidance template

Robotic implantation

FLA needle placement

Needle positioning
Off-axis error
evaluation
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and/or medial-lateral)

Intraoperative procedure
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(cranio-caudal)
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Permanent radioactive

Hyperthermic therapy
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Increase needle rigidity

Figure 3. Decision-tree for conformity to treatment plan including clinical guidelines. Rounded rectangle shapes indicate procedural steps. Diamond shapes indicate
the limits. Exceeding a limit (red diamond shape) requires a solution (blue rectangle shapes). Blue rectangle shapes indicate solutions for the procedural steps that
the blue line with the dot grasps, the blue-outlined rectangle shapes indicate examples of the solutions. Note that the preoperative procedure (indicated in yellow)
and the intraoperative procedure (indicated in green) partially overlap as the approaches differ between institutions. V = prostate volume, As = orthogonal distance
from the inner surface of the pubic arch to the ventral border of the prostate in mm, a = obstructed area by the pubic arch compared to total prostate cross-section
in %, «=angle between the pubic symphysis and ventral border of the prostate. The gray block overlaid on the limits for prostate volume indicates that the
guideline for prostate volume is superfluous according to new brachytherapy guidelines.

adequate rotation related to posture change from supine to
lithotomy position.

3.2.2. Pubic arch interference

Prior to needle implantation, the level of PAl is measured on
an MRI or CT scan with the patient in supine position to
estimate the risk of obstruction during needle implantation
with the patient in lithotomy position. Figure 4 indicates
various methods to quantify PAI.

Firstly, the angle of PAIl can be calculated in the sagittal plane by
drawing two lines on the scan; one horizontal line through the
pubic symphysis and one line connecting the most ventral point of
the prostate with the most dorsal point of the pubic arch at the
pubic symphysis (Figure 4(a)). Angle a between the pubic symphy-
sis and ventral border of the prostate is the angle that can be
related to a boundary value above which PAl is likely to occur.
Zheng et al. [17] retrospectively analyzed MRI scans of 40 prostate

cancer patients and suggested a boundary value of a=26.3° to
predict the occurrence of PAl in lithotomy position. They reported
that the angle a of PAl was statistically correlated with the occur-
rence of PAl (p < 0.07).

Secondly, besides the angle of PAI, the distance of the
obstruction between pubic arch and prostate can be assessed
(Figure 4(b)). Multiple studies reported a threshold of 10.0 mm
obstruction in supine position, assessed by overlaying the
narrowest part of the pubic arch over the largest contour of
the prostate in the axial plane and measured from the point of
the prostate, which was at the greatest perpendicular distance
from the caudal edge of the pubic arch [22,27]. Zheng et al.
[17] suggested the boundary value of 11.3mm as a reliable
predictor of intraoperative PAI. They calculated PAI by using
two parallel lines in sagittal plane through the pubic symphy-
sis and reported a statistical correlation between distance and
PAI (p < 0.07). When the distance exceeded 11.3 mm PAI was
reported to be excessive.
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Sagittal plane Axial plane

Pubic arch

Prostate
(a) (b)

Axial plane

As

Pubic arch

Prostate

(c)

Figure 4. Measuring methods of pubic arch interference (PAl). (a) Angle (a) between pubic symphysis and ventral border of prostate, (b) Orthogonal distance (As)
from inner surface of pubic arch to ventral border of the prostate and (c) Prostate diameter blockage (d1) by the pubic arch compared to total prostate diameter (D).

Lastly, Bellon et al. [27] and Henderson et al. [24] overlaid
the largest prostate cross-section on the narrowest portion of
the pubic arch. The percentage of overlapping prostate dia-
meter indicates PAl (Figure 4(c)). Bellon et al. [27] and
Henderson et al. [24] considered 25% and 33% obstruction
of the prostate diameter in the axial plane as an indication of
excessive PAl, respectively. These approximations were not
based on a rigorous study. Some studies assessed PAI based
on TRUS visualizations with the patient in lithotomy position.
This position is associated with less PAI and larger accessibility
of the prostate due to pelvic rotation than supine position
[10]. Strang et al. [25] excluded patients with >4 mm PAI,
whereas Fukada et al. [19] expected excessive PAI if >5mm
obstruction was shown, and Ryu et al. [20] excluded patients
with >10 mm PAI.

3.2.3. Needle positioning error

Needle misplacement errors are affected by the needle-tissue
interaction forces [54], needle design [55], and the implanta-
tion procedure [56]. On the other hand, needle displacement
errors depend on the duration of treatment and perturbations
between the needle positioning and treatment phase [48]. In
HDR BT and PDR BT, the patient receives multiple treatment
fractions, whereas in LDR BT and FLA, the patient receives
a single dose. Multiple treatment fractions increase the time
between needle positioning and treatment, which is asso-
ciated with an increase in positioning error.

Several studies described correction of the needle position
after the detection of misplacement or displacement. Aluwini
et al. [57] reported that 43.8% of the HDR BT patients required
at least one correction of the needle position of more than 3
mm, mostly in the cranial direction. Whitaker et al. [36] showed
that 67% of the needles had a displacement in the cranio-
caudal direction of at least 5 mm that required correction, and
Tiong et al. [58] stated that up to three needles had to be
corrected in cranio-caudal direction per fraction in HDR BT to
lower the percentage of fractions from 82.3% to 12.2% in which
displacements over 3 mm occurred. Buus et al. [41] reported
that needle displacements of 3 and 5mm introduced
a decrease of 5 and 10% in target coverage for HDR BT,
respectively. The authors proposed a 3D-positioning error
threshold of 3 mm, calculated between HDR BT fractions, from
the needle tip position relative to the corresponding

transperineal template opening. For a single-fraction treatment
with a dose of =15 Gy, they stated that displacement should be
less than 2 mm due to the absence of the averaging dose effect
of multiple fractions. Kolkman-Deurloo et al. [59] and Tiong
et al. [58] analyzed the effect of needle displacements in HDR
BT on X-ray scans along the longitudinal axis in simulation
studies and recommended corrections of needles with an
error exceeding 3 mm. It should be noted that the location of
the needles in the transperineal template dictated the impact of
the error on the OARs, as the needles in the dorsal rows were
close to the rectum and the needles in the ventral rows were
close to the urethra. Kolkman-Deurloo et al. [59] discussed that
needles in the second and third dorsal rows of the transperineal
template generally have larger impact on the dose coverage
than needles in the ventral rows of the template because of the
higher dwell weights (i.e. the relative contribution of a needle
to the total administered dose in brachytherapy). Ventral rows
of the template are less critical due to the lower dwell weights
provided such that the dose to the urethra is not too high.
Poder et al. [60] reported that 3D-source positioning errors in
HDR BT plans could be up to 2 to 5mm while avoiding sig-
nificant (>10%) changes in the dose volume histogram of the
prostate. Similarly, Mason et al. [61] investigated needle posi-
tioning errors and reported a threshold of approximately 2-3
mm based on a minimum value required for error detection
and avoiding unnecessary countermeasures assessed by
a physician. Nevertheless, the effect of the needle error still
depended on the location of the needle in the target volume,
the direction of the positioning error, and the weights of the
dwells. Poder et al. [60] found that displacement of heavily
weighted catheters, mainly around the urethra, resulted in
undertreatment of the central region. Regarding the direction
of the error, they stated that errors of 3mm in the cranial-
caudal direction (i.e. longitudinal errors) were more sensitive
than the off-axis errors, lateral errors were more sensitive than
medial errors, and cranial errors had more impact on the dose
plan compared to caudal errors. For off-axis errors, Fichtinger
et al. [32] reported a limit of 2 mm, whereas Borghede et al. [29]
reported a limit of 3-4 mm, both for LDR BT procedures. For
longitudinal errors, limits were reported for HDR BT procedures,
ranging from 2mm [41] to 15mm [62], whilst most studies
reported a limit of 3 mm [35,57,58] or 5 mm [36,43,44,63]. This
shows that reported limits for needle positioning errors depend



amongst others on the location of the needle and the direction
of the needle positioning error.

4. Discussion
4.1. Main findings

This work provided an overview of the quantification of
hazards related to needle positioning in transperineal treat-
ment procedures of localized prostate cancer. We distin-
guished between the total needle geometry required in the
target volume and the individual needle positioning. Firstly,
access restrictions to the prostate gland by the pubic arch
affect the total needle geometry as the ventrolateral part of
the prostate cannot be reached considering the conventional
linear trajectories. Obstructions of the prostate up to 22.3 mm
were reported for various prostate volumes.

Secondly, individual needle positioning non-conformal to
the treatment plan can potentially affect the treatment effi-
cacy. Needle positioning errors were subdivided into mis- and
displacement. Needle misplacement was reported for LDR BT,
HDR BT, and FLA procedures, in which for LDR BT largest
errors were reported, especially in the cranio-caudal direction.
Needle displacement was only reported for HDR BT and PDR
BT as these techniques involve fractionated doses, whereas
LDR BT and FLA are single-dose treatments. Displacements
were reported in all directions. The largest displacement was
measured in the cranio-caudal direction, and generally
increased over time.

Reported clinical guidelines indicate limits regarding pros-
tate volume, PAIl, and needle positioning error that, when
exceeded, demand for patient exclusion from the procedure
or solutions to minimize the impact on the treatment.
However, these guidelines are general, ambiguous, and com-
pliance in the clinical setting differs between institutions.

4.2. Limitations

The evaluation of the needle position and the level of PAI
depend on (1) patient posture change, (2) imaging mod-
ality and specifications, (3) moment of assessment, (4)
implemented assessment method, and (5) the assessor.
Firstly, patient posture change from supine to lithotomy
position introduces discrepancies, and the use of multiple
imaging modalities can introduce imaging co-registration
inaccuracies [27]. Buus et al. [41] reported that their aver-
age MRI-US co-registration error was 0.52mm with
a maximum of 0.95mm. They stated that organ motion
induced by patient posture change affected the outcomes.
This is substantiated by Yamoah et al. [64], who revealed
that preoperative planning for LDR BT resulted in poorer
biochemical control and higher urinary toxicity compared
to interventions with intraoperative planning using solely
TRUS in lithotomy position.

Secondly, the imaging modality and specifications con-
tribute to uncertainties in the quantitative measurements.
CT slice thickness introduces an uncertainty of the needle
position because of partial volume artifacts. Kovalchuk
et al. [38] considered wuncertainty in needle tip
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determination of 0.63 mm as this was half the slice thick-
ness of their CT slices. Kim et al. [65] reported that an
increased CT slice thickness increased the obtained dose
error after simulations with random shifting of HDR BT
catheters. The mean dose error was 0.7% for 2-mm slices,
1.1% for 3-mm slices, and 1.7% for 5-mm slices. Regarding
MRI, Ballester et al. [66] described that the voxel size can
change delineation due to blurring [66]. Concerning TRUS,
Fedorov et al. [67] described that TRUS images have poor
contrast at the apex and base of the prostate and can
affect the image due to the TRUS probe compressing the
prostate gland. Furthermore, ultrasound has a resolution of
200 micrometer, resulting in the lack of tumor visualization
because of limited sensitivity [68].

Thirdly, time can be a confounding factor as the observed
error depends on the moment of evaluation. Kim et al. [69]
described that maximum catheter displacement occurred in
the 12 hours after the first fraction for HDR BT, whereas
Taschereau et al. [15] reported misplacement of the needles
72 hours after positioning, which makes these measurements
potentially to a greater extend subjected to the influence of
edema and organ motion.

Fourthly, the assessment method influences the analy-
sis. For example, PAIl quantification can be performed by
three different methods, and needle positioning errors can
be assessed using bone anatomy, metal markers, or other
implanted needles as reference markers. Kim et al. [69]
reported an average discrepancy of 2.7 mm in needle dis-
placement between measurements using the ischial bone
or two gold markers as reference markers.

Lastly, inter-observer variability plays a role in the
assessment. Kim et al. [69] reported a difference in displa-
cement error detection of 1.0+ 0.9 mm with a maximum
difference of 5.0 mm between two observers. Therefore,
the error threshold should be large enough to be detected,
considering all the above-stated inaccuracies, and low
enough to avoid a significant impact on the treatment
plan.

5. Conclusion

This systematic review of the scientific literature examines
the hazards and guidelines associated with needle posi-
tioning during transperineal prostate procedures. Current
clinical guidelines regarding prostate volume, needle posi-
tioning accuracy and maximum allowable PAIl are ambig-
uous, thus a case-specific approach is recommended to
avoid a suboptimal procedure or patient exclusion.
Steerable needles can offer intraoperative flexibility in nee-
dle placement and allow for correction of perturbations
while overcoming PAI to ensure an optimized treatment.

6. Expert opinion
6.1. Solution strategies

To operate below the upper limit of the guidelines for
needle positioning, countermeasures can be implemented
to enable continuation in line with the treatment plan
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(Figure 3). Minimizing PAI can be achieved in several ways,
subdivided into four pillars: (1) neo-adjuvant hormonal
therapy, (2) positioning strategy, (3) needle design, and
(4) needle guidance. Improving needle positioning accu-
racy can be related to (1) positioning strategy and (2)
needle design.

Clinical institutions often use hormonal therapy, such as
Androgen Deprivation Therapy (ADT), to downsize the pros-
tate gland and reduce the risk of PAI. For example, Kucway
et al. [70] showed a volume reduction of the prostate of 33%
after 3-4 months of ADT. Traditionally, this therapy is per-
formed prior to the brachytherapy treatment in patients with
prostate volumes of 50-60 cc or with observed excessive PAI
[22,24,70]. Sejpal et al. [22] reported that 27% of the patients
received ADT due to an enlarged prostate or PAl >10 mm. On
the other hand, this therapy can induce severe side effects for
the patient, such as erectile dysfunction, hot flushes, increased
cardiovascular morbidity, and consequently a lower QoL [71-
74]. The ABS, therefore, concluded that ADT is only recom-
mended in patients with observed PAI, as no benefit was
shown from adding ADT to prostate brachytherapy for low-
risk and favorable intermediate-risk patients without PAI [75].

Despite preoperative PAl assessment and the use of
ADT in many patients, PAl can still occur during needle
implantation. Recently, intraoperative imaging techniques
with the patient in the lithotomy position (i.e. needle
insertion position), such as intraoperative on-site Cone-
Beam CT (CBCT) [76,77] and mobile CT [78] has gained
importance in adaptive brachytherapy. Figure 5(a) shows
techniques to obtain a conformal total needle geometry if
PAlI occurs [25]. Regarding positioning strategies, the
patient’s lithotomy position can be extended, the TRUS
probe, the transperineal template or the needle can be
manipulated [79], and the needles can be positioned
using a free-hand technique without the wuse of
a transperineal template or guide [21,80]. However, the
free-hand technique is reported to be difficult and requires
experience from the physician, as buckling of the needle
can occur due to the absence of the transperineal tem-
plate for guidance [21]. Concerning needle guidance stra-
tegies, the needles can be obliquely positioned using
a robotic device for angulated approaches [81],
a template sutured to the patient’s perineum instead of
attached to the TRUS probe, or a patient-specific template
[41]. For needle design-related solutions, a needle with an
asymmetric tip can be steered using the asymmetric nee-
dle-tissue force distribution on the needle tip [55], whereas
occasionally the distal tip of a needle is bent in an ade-
quate angle by the physician to circumvent the pubic arch.
On the other hand, asymmetric needle tip steering
depends on needle-tissue interaction forces making needle
control challenging, and a substantial on-site modification
in the design of the medical device potentially increases
the risk on a needle positioning error. Such designs are
referred to as passive steerable needles [82]. De Vries et al.
[83] proposed using steerable needles with tip control,
known as active steerable needles, to overcome PAIl and
optimize the dose distribution. Podder et al. [84] described

that steerable needles could create curvatures conform the
prostate geometry while reducing the total number of
needles required, thereby minimizing edema and poten-
tially improving treatment outcomes.

Needle positioning accuracy can be improved by chan-
ging the needle design or altering the positioning strategy,
as indicated in Figure 5(b). Off-axis errors can be minimized
by means of steerable needles that counteract perturbations
or robotic devices that minimize insertion or friction forces,
thus theoretically reducing needle deflection. Bloemberg
et al. [85] described a wasp-inspired, self-propelling, steer-
able needle that could incorporate an optical fiber for FLA. To
reduce longitudinal needle displacement errors, the prostate
can be stabilized, the needle can be anchored in the trans-
perineal template sutured to the perineal skin, or the needle
design can be adjusted to accomplish needle anchoring once
they are inside the prostate [47]. Taschereau et al. [15] used
two additional stabilization needles but observed no signifi-
cant influence on needle displacement. Self-anchoring cathe-
ters were described by Pieters et al. [47] and Maenhout et al.
[50], with which external fixation in the transperineal tem-
plate became unnecessary and needle displacement was
minimized.

An overarching solution for needle misplacement and
displacement errors is repositioning the needles by advan-
cing or retracting them or completely re-implanting them;
however, this induces additional tissue trauma [86-88]. In
current clinical practice, imaging is often performed after
a treatment fraction to evaluate the longitudinal error of
the needles, after which displaced needles are advanced
again. Keyes et al. [87] described seven patients in which
the needles for LDR BT were re-implanted to ensure cover-
age of the underdosed areas of the prostate. All patients
had excellent dosimetry after the re-implantation proce-
dure [87]. Hughes et al. [88] stated that re-implantation
increased the prostate dose metrics D90 (i.e. the minimum
dose received by 90% of target volume) and V100 (the
percentage of the target volume that received at least
100% of the prescription dose [89]) from 49 Gy to 201 Gy
and from 46% to 98%, respectively. Noteworthy is the
absence of studies related to needle positioning in ablative
therapies compared to brachytherapy, which could be
explained by the fact that these relatively new ablative
therapies are often still in the clinical trial phase [90]. In
contrast, brachytherapy has been performed since the
early twentieth century [91,92].

Future research should be conducted to better relate
hazards of needle positioning in transperineal treatment pro-
cedures of localized prostate cancer and clinical outcomes.
With this, congruent and adequate guidelines related to PAI
and needle positioning error can be implemented. We expect
a trend toward novel devices with which challenges in needle
positioning can be mitigated, including (1) robotically con-
trolled needles that can be obliquely inserted to improve the
accessibility of the target volume while providing very stable
and accurate needle guidance [81] and (2) active steerable
needles that allow for positioning along curved trajectories
to optimize total needle geometry with high positioning
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Figure 5. Overview of solution strategies. (a) To improve total needle geometry in prostate with pubic arch interference (PAl), the positioning strategy can be altered
by needle manipulation, a free-hand positioning technique, transrectal ultrasound (TRUS) probe manipulation, additional needles, template manipulation, or
positioning the patient in the extended lithotomy position. The needle design can be changed by developing a passive steerable needle (e.g. with a pre-bent or
a bevel-shaped tip) or an active steerable needle. The needle guidance can be adapted by using a patient-specific template, a template sutured to the patient’s
perineum instead of attached to the TRUS probe, or robotic implantation of the needle. (b) To improve transperineal needle positioning into the prostate, needle
positioning accuracy can be improved by altering the positioning strategy or changing the needle design. The positioning strategy can be altered by tissue
manipulation, needle manipulation, needle repositioning, template manipulation, or robotic implantation. The needle design can be changed by developing an
anchoring needle, a passive steerable needle (e.g. with a bevel-shaped tip), or an active steerable needle.
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accuracy. These solutions should be combined with high-
resolution imaging methods like MRI for precise target volume
identification and needle guidance. In the scientific literature,
steerable needles and brachytherapy robots compatible with
MRI are already upcoming; however, these are not common in
clinical practice yet [93,94].
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